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Abstract
A top loading 3He cryostat has been developed for scientific experiments with a 60 T pulsed magnetic field facility at Wuhan 
National High Magnetic Field Center. The cryostat consists of a 4He bath cryostat, a 3He insert and a closed circulation system 
for 3He gas handling. To eliminate the eddy current heating during the pulse, the tail of the 3He insert with a vacuum space at the 
bottom is made from fiberglass tubing coated with epoxy. The 3He bath is separated from the 4He bath with the vacuum space.
The 4He bath cryostat provides cooling power to condense 3He gas by a neck tube on top of the tail. Experimental results have 
shown that the sample can be cooled down to 385 mK and kept cold for more than 150 second by one-shot cooling, which is 
sufficiently long for an experiment in a pulsed high magnetic field.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
A measurement cryostat is one of the basic tools for scientific experiments in pulsed high magnetic fields [1]. For 
cooling and controlling sample temperatures in the range from 1 K to 300 K, the principal methods of cooling 
include either direct immersion cryostats or commercial cryogenic refrigerators (liquid-flow cryostats and 
cryocoolers) [2]. Some experiments in pulsed high magnetic fields should cool the sample below 1 K. However,
cryostats mentioned above cannot reach a temperature below 1 K. The simplest way for reaching a temperature 
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significantly below 1 K is using a 3He evaporation cryostat. Whereas by pumping on a liquid bath of 4He a 
temperature of approximately 1 K can be obtained, the lower limit with 3He is slightly below 0.3 K [3]. For cooling a
sample into the millikelvin region, we have two common methods: a 3He evaporation cryostat and a 3He/ 4He
dilution refrigerator [4-5]. Compared with the 3He/ 4He dilution refrigerator, the 3He evaporation cryostat is quite 
simple in construction and easier to operate. Therefore, a 3He evaporation cryostat is the best choice for experiments 
which only need a few hundred millikelvin.
In order to develop a 3He evaporation cryostat that can be inserted into a 60 T pulsed magnet with inner diameter 
of 21 mm, we designed and fabricated a 3He cryostat which consisted of a 4He bath cryostat, a 3He insert and a 
closed circulation system for 3He gas handling. To eliminate the eddy current heating during the pulse, the tail of the 
3He insert with a vacuum space at the bottom is made from fiberglass tubing coated with epoxy [6-7]. Experimental
results show that the designed cryostat can provide a few hundred millikelvin temperature environment for the 
scientific experiments in pulsed high magnetic fields.
2. Design and experimental setup
Fig.1 shows the sketch of a measurement setup with the cryostat and the gas handling system. The outer diameter
of the tail is 17 mm, which is 4 mm less than the inner diameter of the pulsed magnet (the magnet bore is 21 mm). 
The apparatus has two separate vacuum spaces; the inner one separates the 3He bath from the 4He bath and the outer 
one separates the 4He bath from the liquid nitrogen bath. The sample holder sits inside the 3He input and the
pumping tube. At the bottom end of the sample holder, there is a sample and a temperature sensor, which are located 
at the central region of the magnet where the magnetic field is homogeneous. The 3He pot is immersed in the 4He 
bath. The 3He gas is liquefied by bringing the 3He in thermal contact with the 4He bath, which is pumped to T İ
1.5 K. The 4He bath also offers a thermal barrier and heat sink to minimize the conductive and radiative heat load on 
the 3He stage. The cryostat has two liquid nitrogen chambers. The upper and lower liquid nitrogen bath are used as a 
heat shield for 4He bath, while the lower liquid nitrogen is also used to cool the pulsed magnet.
Fig. 1. Schematic drawing of the measurement setup with the 3He cryostat and the gas handling system.
Fig.1 also shows the pumping and the gas handling system of the 3He cryostat. The pumping and the gas handling 
system is a closed system, which consists of a sealed pump, a 3He gas tank, a LN2 cold trap, two pressure gauges, 
twelve valves and some pipelines. The sealed pump is a rotary vane pump with a pumping speed up to 60 m3/h and 
an ultimate pressure down to 0.2 Pa. In order to avoid any leak of 3He gas, the gas ballast of the pump is replaced by 
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a blind plug. The leak rate of the pump is lower than 1h10-7 Pa*m3/s. The 3He gas tank is a 4 liter stainless steel 
cylinder. A LN2 cold trap is used to freeze out oil vapor possibly leaving the pump together with the 3He gas, as well 
as any remaining air impurities. The LN2 cold trap consists of an input tubing, an outlet tubing and a stainless steel 
cylinder filled with copper mesh and activated charcoal. The pressure of the 3He gas tank and the 3He insert are
measured by the first pressure gauge (P1) and the second one (P2), respectively. The valve group controls the filling
and pumping procedure of the 3He gas circulation.
Fig. 2. (a) Schematic drawing of the 3He pot, (b) a photo of inner layer of the 3He pot, (c) a photo of the 3He pot.
As shown in Fig.2 (a), the outer and inner diameter of the 3He pot are 10 mm and 7 mm. There is a vacuum space 
between the inner tube and outer tube for separating the liquid 3He from the 4He bath. To eliminate the eddy current 
heating during the pulse, the inner and outer layer of the 3He pot are made from fiberglass tubes. The material of the
other parts is stainless steel. The inner tube is coated with Stycast 1266TM epoxy, and bonded with the upper tube of 
the 3He insert using epoxy, as seen in Fig.2 (b). The outer tube is also painted with epoxy, and bonded with the inner 
tube by epoxy, as seen in Fig.2 (c).
Fig. 3. 3-D drawing of a measurement setup with the 3He cryostat.
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Fig.3 shows a 3-d drawing of a measurement setup with the 3He cryostat. The apparatus consists of the 4He bath 
cryostat, the 3He insert, the pulsed magnet, the LN2 Dewar, the coaxial current lead and some supporting parts for 
the magnet and the cryostat. As shown in Fig.3, the pulsed magnet, the LN2 Dewar, the tail of the 4He bath cryostat 
and the 3He insert are concentric. The pulsed magnet and the lower part of the cryostat are immersed in liquid 
nitrogen which is stored in the open LN2 Dewar. The sample chamber in the 3He insert is located at the center of the 
pulsed magnet.
3. Test results
There are two temperature sensors for the test of the 3He cryostat. A calibrated Ruthenium Oxide temperature 
sensor (Lakeshore, model RX-202A) is mounted at the end of sample holder, which is used to measure the 
temperature of the 3He pot. A calibrated Cernox temperature sensor (Lakeshore, model CX-1050) is mounted at the 
end of the 3He insert, which is used to measure the temperature of the 4He bath.
The cooling procedure of the 3He cryostat is as follows. Liquid nitrogen is transferred to the outer LN2 Dewar and 
the LN2 chamber in the 4He bath cryostat.  Some 4He gas and 3He gas is respectively admitted to the 4He bath 
chamber and the 3He insert for transferring heat from the inside of the cryostat to the LN2. The 4He bath cryostat, the 
3He insert and the pulsed magnet can be cooled close to 77 K by the liquid nitrogen. Next, liquid 4He is transferred 
to the 4He bath cryostat, while the 3He gas is injected into the 3He insert. When the liquid 4He is full and the outside 
of 3He insert is cooled to 4 K, pumping of 4He is started. The temperature of the 4He bath drops to 1.4 K, and the 
3He starts to condense. Finally, the 3He pot becomes filled with liquid and by pumping on it a temperature in the 
vicinity of 0.5 K is achieved. 
Fig. 4. The time dependence of the measured temperature of the 3He cryostat during cool-down to 385 mK
Fig.4 shows the cooling curve of the 3He pot and the 4He bath from room temperature to the lowest temperature. 
Since the Ruthenium Oxide temperature sensor is calibrated between 40 K and 50 mK, the temperatures of the 3He 
pot above 40 K cannot be measured. As seen in Fig.4, the 4He cryostat cools to 77 K in more than two hours. It takes
about four and a half hours for the 3He pot to cool to 4 K.
Fig. 5. The cooling curve of the 3He cryostat from 4 K to 385 mK
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As shown in Fig.5, when the 4He bath cools to 1.4 K, the 3He starts to condense. After about ten minutes, the 
condensation procedure of the 3He is finished. Then the temperature of the 3He pot decreases to 0.5 K after pumping 
the 3He bath for about ten minutes. The temperature is held at 0.5 K for more than one hour. As seen in Fig.6, the 
lowest temperature achieved is 385 mK, for a duration of more than 150 seconds. The time interval in which the 
temperature is stable is long in comparison to the pulse duration of several milliseconds of the magnetic field pulse.
Fig. 6. Temperature stability details at 385 mK
4. Conclusions 
A 3He cryostat was designed and tested for scientific experiments with a 60 T pulsed field facility at Wuhan 
National High Magnetic Field Center. The main results are as follows:
The 3He cryostat can be used in a 60 T pulsed magnet with a 21 mm bore. In order to eliminate the sample 
temperature fluctuation caused by the eddy current heating during the pulse, the tail of the 3He insert is made from 
fiberglass tubing with epoxy coating. The temperatue can be stable at 500 mK for more than one hour. The lowest 
achieved temperature of the cryostat is 385 mK and holds for more than 150 seconds, which is sufficiently long for 
an experiment in a pulsed high magnetic field. The 3He cryostat can be widely used in scientific experiments in the 
pulsed high magnetic field.
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